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Abstract 
 
Mill rolls are ones of the most expensive tools applied in plastic working processes and have to satisfy several criteria, which  allow them 
to be used. Cast iron mill rolls, due to their fracture toughness and tribological properties, are the most often applied at hot-rolling in the 
last rolling stands. This results from the smallest dynamic loads of such rolling stands and the decisive influence of the surface quality of 
these tools on the surface quality of the rolled product. An improper microstructure of rolls can lead to their premature wearing, e.g. 
broken flanges, pivots twisting off etc. By means of the heat treatment the matrix microstructure and morphology of carbide precipitations 
can be modified and this in-turn can influence cast iron properties.  
Determination of the influence of microstructure changes, caused by the heat treatment, on the properties of EN-GJN-HV300 low-alloy 
cast iron, after its modification and spheroidization – is the aim of the present paper. Those changes are based on the formation pearlitic or 
bainitic matrices at the similar morphology of graphite and ledeburitic cementite precipitations. The performed investigations should 
enable designing the heat treatment of cast iron metallurgical rolls in such a way as to obtain the optimal microstructures for functional 
parameters of these type of tools. The influence of changing the pearlitic matrix into the bainitic one on such properties as:  hardness, 
impact strength, tensile strength, creep limit, bending strength and a stress intensity factor  KIc  was investigated in this study. Samples for 
testing, the listed above mechanical properties, were taken from an industrial casting with care to have pieces of very similar 
crystallization conditions. 
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1. Introduction 
 
Metallurgical rolls are ones of the most expensive tools 
applied in plastic working processes and have to satisfy several 
criteria to be approved for using. The most often such rolls are 
produced from cast iron, which is characterized by good 
exploitation properties [1-4]. Cast iron rolls, due to their fracture 
toughness and tribological properties are applied usually in the 
last rolling stands, where dynamic loads are the smallest and the 
surface quality of these tools is a decisive factor for the surface 
quality of the rolled product. 
Designing of a microstructure of cast alloys on the ferrous 
matrix should be focused on providing the optimal functionality 
of tools and structural elements made out of them. On account of 
the above, investigations of a microstructure influence on 
properties of cast alloys on the ferrous matrix are carried out [4-
25].  
Determination of the influence of changes in 
the microstructure (caused by the heat treatment) on properties of 
EN-GJN-HV300 low-alloy cast iron after a modification and 
spheroidisation - was the aim of the present study.  Endeavors 
were undertaken to form either the pearlitic or bainitic matrix at 
the similar morphology of graphite and ledeburitic cementite 
precipitations.  ARCHIVES of FOUNDRY ENGINEERING Volume 10, Issue 3/2010, 45-50  46 
2. Material for investigations 
 
Low-alloy, mottled, spheroidal chromium-nickel cast iron,   
which can be described as EN-GJN-HV300 cast iron after a 
modification and spheroidisation, or also as GJS-
HV300(SiNiCr2-3) - was the investigated material. The chemical 
composition is presented in Table 1. 
 
Table 1.  
Chemical composition (weight %) of GJS-HV300(SiNiCr2-3) 
chromium-nickel cast iron 
C Mn Si  P  S  Cr  Ni Mo 
3.2 0.52  2.24 0.07  0.012 0.53  3.49 0.56 
Mg Cu  Al  Ti  V  As  Nb Fe 
0.047 0.20 0.008 0.014 0.020 0.002 0.024 Rest 
 
Microstructure of the investigated cast iron in as-delivered 
condition is presented in Figure 1. As can be seen, it is mottled 
cast iron of the pearlitic-bainitic matrix (with upper bainite). It is 
characterised by a high fraction of ledeburitic cementite (with 
hypereutectoid cementite built on), which forms a continuous 
network. 
Material for investigations was taken from the roll supplied by 
the producer. Samples were taken in such a way as to have 
crystallization conditions in sampling places as similar as 
possible. In the case of toughness samples the notch was cut along 
the surface perpendicular to the roll axis. While in the case of KIc 
samples the notch was cut in parallel to the roll axis along its 
radius. 
 
 
3. Heat treatment  
 
The microstructure modification of the investigated cast iron 
was carried out by means of the heat treatment. An austenitizing 
temperature was 950  °C. This temperature was selected on 
the basis of dilatometric investigations of phase transformations at 
heating and the so-called quenching series, as well as so as to 
comply with the technological potential of the mill rolls 
manufacturers and to ensure the highest possible solubility of 
ledeburitic cementite (with built-in hypereutectoid cementite) in 
the austenitic matrix. The heat treatment was characterised by 
a cooling rate of 45 °C/h in the austenite range, which means to 
a temperature of 700 °C. 
Variant I of the heat treatment was characterised by further 
cooling such as  to obtain the pearlitic matrix (18 °C/h).  
Variant II of the heat treatment was characterised by further 
cooling such as to obtain the bainitic matrix (216 °C/h).  
The applied heat treatment caused significant changes in 
the  matrices of the investigated cast iron. Microstructures after 
these two variants are presented in Figures 2 and 3. 
 
a) 
   
b) 
 
   
c) 
 
  
Fig. 1. Microstructure of GJS-HV300(SiNiCr2-3) cast iron in as-
cast condition: a) picture allowing to assess the dendritic 
structure, b) picture allowing to assess the morphology of 
transformed  ledeburite and graphite, c) picture allowing to assess 
the matrix microstructure. Etched with 2% nital 
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a) 
 
   
b) 
 
   
c) 
 
  
Fig. 2. Microstructure of GJS-HV300(SiNiCr2-3) cast iron after 
the I
st variant of the heat treatment: a) picture allowing to assess 
the dendritic structure, b) picture allowing to assess the 
morphology of transformed ledeburite and graphite, c) picture 
allowing to assess the matrix microstructure. Etched with 2% nital 
a) 
 
   
b) 
 
   
c) 
 
  
Fig. 3. Microstructure of GJS-HV300(SiNiCr2-3) cast iron after 
the II
nd variant of the heat treatment: a) picture allowing to assess 
the dendritic structure, b) picture allowing to assess the 
morphology of transformed ledeburite and graphite, c) picture 
allowing to assess the matrix microstructure. Etched with 2% nital 
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The heat treatment, regardless of the variant applied, caused 
the significantly visible fragmentation of ledeburitic cementite 
precipitations and the decrease of its fraction in the cast iron 
volume (from 39±4 % in as-cast condition to 25±3 % in the case 
of the I
st  variant of the heat treatment and to 25±4 % in the case 
of the II
nd  variant of the heat treatment). An increase of 
dimensions of graphite precipitations and their fraction in the cast 
iron volume after the heat treatment can also be noticed (from 3±2 
% in as-cast condition to 6±2 % in the case of the I
st  variant of 
the heat treatment and to 5±2 % in the case of the II
nd variant).  
These indicates that during the heat treatment of cast irons 
containing graphite a part of carbon will always diffuse from 
leburitic cementite and the matrix into graphite and in result this 
matrix will be depleted of carbon and the fraction of ledeburitic 
cementite will be reduced. However, it can be assumed that after 
both variants of the heat treatment the same amount of 
transformed ledeburite and similar amount of graphite are formed, 
since the cooling rate in the austenite occurrence range was the 
same, which means that the diffusion process should be advanced 
in a similar fashion. 
The applied cooling rates in the eutectoidal transformation 
range allowed to obtain the expected structure in the matrix. In the 
case of the I
st  variant of the heat treatment the matrix majority 
constitutes pearlite (73  %) and the remaining parts are ferrite 
(26 %) and spheroidite (1 %). In the case of the II
nd variant of the 
heat treatment the matrix majority constitutes upper bainite 
(75 %) and the remaining part lower bainite (25 %). 
 
 
4. Results of the tests of the mechanical 
properties and their discussion  
 
Despite obtaining only the bainitic microstructures in the cast 
iron matrix, after the II
nd variant of the heat treatment, hardness of 
this cast iron decreases as compared to the as-cast condition (from 
524±3 HV30 to 440±9 HV30). These is caused, among others, by 
the volumetric balance between ledeburitic cementite and 
graphite. In the case of the I
st variant, the formation of pearlitic 
microstructure in the matrix (and even pearlitic-ferritic) allowed 
to achieve hardness at a level of 350±17 HV30. However, in each 
case of the applied heat treatment, hardness is above 300  HV, 
which means it is sufficient for utilising this material for mill 
rolls.  
The heat treatment influenced also impact strength of 
the investigated cast iron. Samples were fractured on the Charpy 
pendulum test machine of an initial potential energy of 300 J. The 
test were made at a room temperature. The same impact strength 
had cast iron in as-delivered condition and after the II
nd variant of 
the heat treatment (fracture work KV=3.3±0.3J). In the case of 
cast iron after the I
st  variant a fracture work KV decreased to 
2.7±0.3  J. This indicates that the bainitic matrix has a more 
favourable influence on impact strength than the pearlitic one. 
The II
nd variant of the heat treatment significantly improved 
the critical stress intensity factor KIc (from 24.3±0.5 MPa*m
1/2 – 
in as-delivered condition to 28.0±0.6  MPa*m
1/2). While 
the  formation of the pearlitic matrix (variant I) decreased the 
critical stress intensity factor KIc to 23±0.1 MPa*m
1/2. Samples 
used for investigations were of dimensions 15x30x150 mm and 
had the cut chevron notch, 2 mm wide and 13 mm deep at the side 
surface and the chevron angle equal 120°. The notch was V 
shaped with an angle 90°. A corner radius was 0.25 mm. The 
fatigue precrack of a length of 2 mm was formed on samples. 
Such prepared samples were three-points bended. Since in every 
sample the flat deformation was preserved, the determined KQ 
was really KIc.  
It can be seen that the higher resistance to crack propagation 
characterises cast iron of the bainitic matrix than the pearlitic one. 
In each case the brittle fractures, transcrystalline, cleavage planes 
can be observed (Fig.  4). Those are areas of the ledeburitic 
cementite occurrence. In the case of the I
st variant of the heat 
treatment (with the pearlitic matrix) the smallest number of 
regions characterised by a plastic flow are on cleavages. This 
indicates a high brittleness of the pearlitic matrix related to the 
high Si content in ferrite, characteristic for cast irons. The bainitic 
microstructure formation increases the cleavage ductility. In 
the case of as-delivered condition the mixed pearlitic – bainitic 
matrix favours plastic deformations during fracturing in regions of 
the bainitic matrix. 
Bending strength, Rg, of the investigated cast iron after the 
heat treatment is higher than in as-delivered condition (Rg 
increases from 698±8 MPa to 872±15 MPa in the case of variant I 
and to 891±4  MPa in the case of variant II
nd of the heat 
treatment). The static bend test was carried out at a three-point 
load (a sample was loaded by a concentrated force in the middle 
of its length). Samples for static bend tests were of a roll shape 
with a length equal 110 mm and a diameter: d0=10 mm. The 
working length (spacing of supports) was: l=100 mm.  
It was found that, the decreased fraction of ledeburitic 
cementite and the increased fragmentation degree of its 
precipitations leads to the bending strength increase (compare: as-
delivered condition and after the heat treatment). The more 
favourable influence of the bainitic matrix (variant II
nd) than the 
pearlitic one (variant I
st) on bending strength Rg - is quite 
noticeable.  
On account of the roll geometry, from which samples for 
strength tests were cut, it was not possible to apply the rule that in 
every case they will be taken from places corresponding to 
the same crystallization conditions. Therefore it was decided that 
samples for tensile tests in as-delivered condition were taken from 
the spot being in between external and internal region on a roll 
radius (Rm=327±51 MPa). Tests were carried out on samples of 
a diameter  d0=10 mm, length L0=50 mm and a cross-section 
S0=78.5 mm
2. In each analysed variant, one sample was taken 
near the roll surface and the other sample near the axis of the roll.  
In the case of samples after the heat treatment single results were 
obtained for the internal part of the roll (for variant I
st – 446 MPa, 
for variant II
nd – 351 MPa) and for the external one (for variant I
st 
– 528  MPa, for variant II
nd – 571  MPa). Since samples in as-
delivered condition were ruptured already in the elastic strain 
range it was not possible to determine for them the creep limit 
Rp0.2. This Rp0.2 was determined for samples after the heat 
treatment taken from the external part of the roll (for variant I
st – 
491 MPa, for variant II
nd – 520 MPa). Therefore for these samples 
it was possible to determine only Rm in accordance with the 
standard requirements (samples ruptured in the range of plastic 
deformations). 
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a) 
 
   
b) 
 
   
c) 
 
   
Fig. 4. Sample fracture KIc: a) as-delivered condition, b) after 
variant I
st of the heat treatment, c) after variant II
nd of the heat 
treatment. SEM 
 
 
 
 
Analysing the obtained results of the strength limit it can be 
stated, that the place of sampling significantly influences this 
parameter.  Samples taken from regions near the roll surface were 
in every case characterized by a higher strength as compared to 
samples taken from places being closer to the axis of the roll.  
Both variants of the heat treatment improved strength of the 
investigated cast iron. In the case of the heat treated samples taken 
from the external part of the roll, better strength properties 
exhibited the sample after the II
nd variant. Whereas in the case of 
the heat treated samples taken from the internal part of the roll, 
better strength properties exhibited the sample after the I
st variant 
of the heat treatment. Thus, it seems that when, at preserving 
the  morphology of ledeburitic cementite and graphite 
precipitations, the bainitic matrix is changed into the pearlitic one 
the decrease of Rm and Re is obtained - in the case of samples 
taken from the external part of the roll. On the other hand, in 
the  case of samples taken from the internal part of the roll, 
changing of the bainitic matrix into the pearlitic -  at preserving 
the morphology of ledeburitic cementite and graphite 
precipitations - the increase of the tensile strength is obtained. 
The  explanation can be attempted by pointing out the different 
susceptibility of the bainitic and pearlitic matrices to the influence 
of the structural notch, which in turn depends on 
the crystallization conditions. 
 
 
5. Conclusions  
 
The investigations performed in this study allow to formulate 
the following conclusions: 
1)  The heat treatment allows to change the microstructure and 
properties of the investigated cast iron – in a wide range. 
2)  As the result of the heat treatment a decrease of hardness 
occurs even in the case of formation of 100 % bainitic matrix. 
However, hardness obtained due to the heat treatment is 
sufficient to apply the investigated cast iron as a material for 
mill rolls. 
3)  The bainitic matrix more favourably influences impact 
strength of the investigated cast iron as compared to the 
pearlitic matrix.  
4)  The tested cast iron of the bainitic matrix, at similar 
volumetric fractions of graphite and cementite, is 
characterized by higher crack resistance propagation 
expressed by the stress intensity factor KIc as compared to cast 
iron of the pearlitic matrix. 
5)  As the result of the applied heat treatment the increased 
bending strength of the investigated cast iron is obtained. 
6)  Change of the pearlitic matrix into bainitic – at a similar 
morphology of ledeburitic cementite and graphite 
precipitations – causes an increase of bending strength. 
7)  Changes of crystallization conditions (external and internal 
parts of the roll) influence the cast iron strength. 
8)  Application of the heat treatment increased the strength of the 
investigated cast iron. 
9)  Changes of crystallization conditions resulting in changes of 
the intensity of the structural notches occurrence can - in turn 
- cause the change of the matrix influence on the investigated 
cast iron strength. 
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